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EXECUTIVE SUMMARY

The Federal Aviation Administration (FAA) William J. Hughes Technical Center is conducting a
series of video landing parameter surveys at high-activity commercial airports to acquire a better
understanding of typical landing contact conditions for a wide variety of aircraft and airports as
they relate to current aircraft design criteria and practices.

This is the third of a series of landing parameter surveys. This report documents the results from
a survey at Honolulu International Airport (HNL) performed in April 1996. Previous surveys
were conducted first at John F. Kennedy International Airport (JFK) in June 1994 and later at
Washington National Airport (DCA) performed in June 1995. At HNL, four video cameras were
temporarily installed along the south side of runway 8L. Video images of 332 heavy, wide-body
transports were captured, analyzed, and the results presented herein. Landing parameters
presented include sink rate; approach speed; touchdown pitch, roll, and yaw angles; off-center
distance; and the touchdown distance from the runway threshold. Wind and weather conditions
were also recorded and landing weights were available for most landings. Since this program is
only concerned with overall statistical usage information, all data were processed and are
presented without regard to the airline or flight number.

This survey has reinforced the findings from the JFK survey concerning the landing impact
parameters of heavy, wide-body aircraft. The results from this survey and the prior landing
parameter surveys at JFK and DCA differ substantially from aircraft sink speeds reported 35
years ago during National Aeronautics and Space Administration (NASA) surveys. No other
efforts to collect operational landing data were performed by either the FAA or NASA in the
interim.

vii/viii




1. INTRODUCTION.

In an effort to better understand and document the actual operational environment of commercial
jet transport aircraft landing impact conditions, the Federal Aviation Administration (FAA)
William J. Hughes Technical Center initiated a series of aircraft video landing parameter surveys
at high-activity commercial airports. By collecting and analyzing large quantities of video data
for a wide variety of aircraft, the original design criteria and fatigue-life estimates for aircraft
landing gear and support structures can be assessed and verified. The operational data will also
aid in developing design requirements for future jet transports.

The use of image data to evaluate the landing performance of aircraft has been used since jet
aircraft were introduced. In 1947 [1], the U.S. Navy first developed a system to characterize the
typical carrier landing environment and implemented procedures to make carrier arrested
landings safer. The Navy system acquired aircraft landing and approach data from the tracking
and analysis of recorded 16-mm film images of the arrestment. In 1954, the National
Aeronautics and Space Administration (NASA) developed a similar system using a 35-mm
camera and conducted a number of surveys of commercial airplanes, the last ones in 1959 [2-7].
The difference between the two systems was that the Navy photographed from a head-on aspect
along the runway apron, while NASA’s camera was positioned perpendicular to the runway,
approximately 900 feet from the runway centerline.

In 1967, the Navy enhanced its system by replacing the 16-mm cameras with 70-mm cameras to
provide considerably greater image resolution and consequently greater accuracy [8]. Using the
enhanced system, the Navy conducted over 40 landing parameter surveys. However, the data
reduction phase of the research was labor intensive and limited the number of surveys which
could be conducted. The search for a new improved system was concluded in 1992 when the
Navy successfully developed and implemented a system that uses adaptive video imaging and
tracking technology for their surveys. The performance and accuracy of this system is
documented in references 9 and 10. Shortly thereafter, the FAA and the Navy transitioned the
newly developed video technology to commercial operations [11].

The objectives of the FAA landing parameter survey program are to acquire large amounts of
typical transport operational data to (1) validate and update NASA TN D 4529 which was
derived from usage data measured during the 1950s, (2) provide detailed characterization of
typical transport airplane landing velocities and angular displacements, and (3) determine if there
is a trend towards higher sink rates at higher gross weights.

The first of the FAA’s commercial aircraft video landing surveys was conducted in 1994 at John
F. Kennedy International Airport (JFK), runway 13L, to collect large quantities of wide-body jet
aircraft data [12]. The second survey was performed in 1995 at Washington National Airport
(DCA) which collected landing parameters for flight operations using a shorter runway [13].
The principle runway (runway 36) at DCA is 7000 ft long and cannot handle aircraft larger than
the Airbus A-320 and Boeing 757.

This survey was performed to determine if the results of previous surveys were biased because of
the challenging aircraft approaches and operating conditions at those airports. As a result, it was
suggested that operations at Honolulu International (HNL) were more benign than the other



airports survey. Also, preliminary conclusions on the landing performance of wide-body aircraft
were questionable, and a location with a significant number of wide-body aircraft operations was
required. The survey team can only instrument one end of one runway, so Honolulu, with the
vast majority of landings on runway 8L, maximized the collection of wide-body data.

Video images of aircraft landing on runway 8L were recorded by a series of four cameras
temporarily installed on the edge of the runway. Runway 8L was selected for it is the primary
runway used for landing. Runway 8R is used almost exclusively for takeoffs due to aircraft
noise considerations. The survey data was collected over a 10-day period in March and April
1996. These video images were stored on an optical disk recorder, processed, and analyzed at
the Naval Air Warfare Center, and the resulting landing parameter information was forwarded to
the William J. Hughes Technical Center.

Since the primary goal of the survey is to collect statistical information on actual operations, the
identity of individual aircraft, airlines, flight numbers, and dates are purposefully omitted from
the report. Aircraft landing performance was analyzed only on the basis of aircraft category,
model, type, and wind conditions.

2. SYSTEM DESCRIPTION.

Modermn developments in video technology permitted the Navy to transition its landing parameter
data analysis system from using photographic film to one using video technology. The Navy
video system is known as the Naval Aircraft Approach and Landing Data Acquisition System
(NAALDAS). The system consists of a high-resolution frame grab video camera, a laser disk
recorder, and a computer control unit. The key to the NAALDAS system is a highly modified
video camera. The camera’s enhanced vertical resolution (double that of standard video formats)
permits highly accurate measurement and tracking of aircraft position data. The camera is
supported by an image analysis system using image processing technology. Particular image
features (landing gear wheels, wing tips, flaps, or engine inlets) are tracked in successive images,
and this information is used to determine the relative motion of the aircraft. The combination of
camera resolution and image processing technology permits the location of image features to be
determined within 0.1 pixel. The technique is as accurate, yet more efficient than the Navy’s
previously used 70-mm film system.

NAALDAS was designed to cover the restricted touchdown area on an aircraft carrier using a
single camera. To support the commercial application, the FAA .funded the design and
development of a modified, multiple-camera configuration of NAALDAS using four video
cameras located along the edge of the runway. The images from these cameras are recorded
sequentially as the aircraft passes through their field of view. The use of four cameras expands
the system coverage area to approximately 2000 ft along the anticipated touchdown region of the
runway. Fiber-optic signal cables are used to eliminate interference and line losses between the
cameras and the recording station. The modified configuration of NAALDAS was successfully
tested in February 1994 at the William J. Hughes Technical Center, Atlantic City International
Airport (ACY), New Jersey. Figure 1 shows a camera in operation on a commercial runway.




FIGURE 1. VIDEO CAMERA IN OPERATION DURING COMMERCIAL
LANDING PARAMETER SURVEY

The video cameras are installed on the edge of the runway, facing the approaching aircraft. The
cameras are located approximately 700 feet apart, starting 1700 feet from the end of the runway,
and usually located in line with the runway edge lights, which at HNL are approximately 800 ft
off the runway centerline. The camera is aimed at the center of the targeted touchdown area.
The camera’s aim is fixed and does not track the aircraft. Figure 2 is a schematic of the multiple-
camera configuration.
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FIGURE 2. FAA LANDING LOADS CAMERA SETUP

The NAALDAS video cameras have a fixed field of view. Each camera is aligned and calibrated
against temporary alignment targets which are placed on the runway for that purpose. These
targets are placed in surveyed locations, and the target images are recorded as a calibration




sequence. This sequence is processed to generate a transformation matrix to relate image
measurements to the runway.

The NAALDAS data recording system is operated from a vehicle parked in a safe location near
the touchdown region of the survey runway. Judicious selection of this parking location is
required to prevent any interference with airport operations. At HNL, the data recording system
vehicle was located approximately 350 ft from the runway centerline. Temporary cabling is run
from the vehicle to the cameras and the vehicle remains in the chosen location during flight
operations. The system is powered entirely with portable electrical generators. Currently,
NAALDAS is limited to coverage of one end of a runway and cannot be relocated to
accommodate runway changes. This restriction exists since the cameras must be precisely aimed
and recalibrated if they are relocated, which requires the runway be closed.

The aircraft image is captured on an optical laser disk recorder for subsequent analysis on the
NAALDAS analysis system workstation. Approximately 60 landings can be stored on a disk.
An identity number is assigned to the disk, and event numbers are assigned to each video
sequence. The use of video disks eliminates film processing cost and time.

Image enhancement and automatic data point tracking are performed using the analysis
workstation. This provides position time information of image features on the aircraft. Each
individual airplane landing is identified by model type and serial number so that the necessary
physical dimensions and geometric locations can be correlated with the time-tracked video
images. The data reduction system software then derives the landing impact parameters, i.e.,
sinking speed, horizontal velocity, bank angle, crab angle, etc.

The analysis station consists of a Sun computer workstation with an image processing board,
laser disk player, computer monitor, high-resolution monitor, and associated power regulator and
cables. The station operator automatically tracks the video image features during the landing
sequence. By positioning windows over the desired image feature, the operator prepares the
system to track that feature through the entire sequence. Multiple-image features can be tracked
simultaneously using multiple windows. The operator has the capability to select image
threshold levels, image enhancement formats, and algorithms. The operator can also select the
type of tracking (edge or centroid) to be used to allow the system to automatically track the
image, eliminating the errors in data reduction which were inherent in the manual tracking
procedures used with the 70-mm film system. The centroid tracking algorithm enables the
system to locate image features with subpixel accuracy.

Once the image sequence is tracked, the pixel information is transformed, digitized, and entered
into the landing parameter analysis software. The software takes image position information,
determines the change in image feature position of successive frames at a rate of 30 frames per
second, and generates position time curves for the feature.

The analysis of image data provides the aircraft’s closure speed with respect to the camera. The
reported value of approach speed is the sum of closure speed and the component of wind parallel
to the centerline of the runway. The wind speed and direction information measured using an
anemometer situated near the touchdown location was used to calculate the approach speed.




In addition to the video images, from which the ground contact parameters are derived, other
data describing each landing are collected during the video survey to determine which set of
geometric data to use in the analysis. An anemometer, temporarily installed near the survey site,
collected wind speed and direction for each landing. An estimate of the aircraft’s touchdown
landing weight was provided by the aircraft operators.

3. DISCUSSION.

3.1 OPERATIONS AT HNL INTERNATIONAL AIRPORT.

The HNL survey was designed to obtain as large a quantity of heavy, wide-body (B-747, DC-10,
L-1011, and MD-11) aircraft landings as possible. Prior to the survey, both the FAA Airports
and the HNL Operations personnel indicated that, during a 10-day survey period, there would be
little difficulty recording 300 heavy, wide-body landings at HNL. In addition, they stated that
tropical easterly trade winds make runway 8L the primary daytime runway for landing the larger
wide-body airplanes. Figure 3 shows the Department of Defense (DoD) Flight Information
Publication diagram for HNL. The reef runway (8R) usually handles the wide-body takeoffs to
reduce the effect of aircraft noise on the city. Given this information, runway 8L was selected as
the runway to install the camera system. The survey team decided to collect landing data for
both wide-body and narrow-body airplanes.

The quantity of wide-body landings was as expected with no unusual approach procedures. The
wide-body airplanes would follow an 8 to 10 mile straight-in approach over Barbers Point, touch
down within the range of the cameras and exit the runway near the overseas terminal at taxiway
S or H (7250 ft and 8200 ft from runway 8L threshold). Frequent informal Land and Hold Short
(LAHSO) procedures were also observed.

The narrow-body interisland operations, however, proved to be quite a surprise for the joint
FAA/Navy survey team. After touchdown, nearly every DC-9 or B-737 airplane would exit the
runway at either taxiway L or G (4900 and 5400” from runway 8L threshold, respectively) to
expedite arrival at the interisland terminal. This custom would, in effect, shorten a 12,357-foot
runway to approximately 5000 feet. Added to this, approximately 60% of the narrow-body
aircraft would opt to make a curved approach from the south rather than using the Barbers Point
straight-in approach.

Unfortunately, records for individual landings were not kept on curved approaches and LAHSO
operations, thus, the possible effect of continually shortening the effective runway and the
curved approaches on the touchdown vertical velocities is not known.

3.2 HONOLULU INTERNATIONAL AIRPORT CONDITIONS.

The video landing survey data acquisition equipment was installed on the south side of runway
8L, a 150-foot-wide, 12,360-foot-long runway. Runway 8L was selected after observing flight
operations and reviewing historical landing runway operations data. In addition, suitable camera
positions were available. Once the survey cameras are installed and calibrated, they cannot be
moved to adjust to changes in operation caused by wind shifts. This was not a problem during
this survey.
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Video images from a total of 332 landings from the survey at HNL were processed and analyzed.
This includes 145 Boeing 747s, 39 Lockheed L-1011s, 148 McDonnell Douglas DC-10s, 11
B-767s and 9 MD-11s. Although the survey team captures nearly 300 landings of B-737 and
DC-9 airplanes, the results of the analysis of these are being deferred to a later time*. The
camera installation was optimized for collection of the larger images with camera further
separated from one another as to minimize the quantity of heavy wide bodies which touchdown
outside the camera’s field of view. This wide-body optimization resulted in video images of
narrow-body jets being somewhat smaller than was found from other surveys.

Regarding the HNL survey, the main focus was the collection of large quantities of heavy, wide-
body landings to compare to those collected at JFK in 1994. It was assumed that the landing
sink rates would be benign in the tropical environment with relatively mild and consistent
easterly trade winds. Given the long straight-in approach using the wide-body aircraft and the
excellent year round weather this assumption appeared reasonable. There was considerable
concern on the part of industry that the runway 13L at JFK required pilots to make a sharp turn
in the landing pattern. Additionally, runway 13L at JFK, considerable crosswinds (sea breeze)
during the hot summer afternoons existed.

At HNL, runway 8L is a 12,360 ft runway. However, the interisland terminal is located at
taxiway G, less than halfway down the runway from the approach end of runway 8L (figure 3).
Interisland aircraft consistently turned off the runway at taxiway G to save time taxiing to the
terminal. Interisland aircraft consisted of narrow-body aircraft, B-737 and DC-9 aircraft. This
procedure reduced the effective length of the runway to something less than that at DCA. In
addition, many of the narrow-body airplane pilots used the visual flight rules (VFR) approach
procedure, which used a 90-degree turn onto a final approach. Heavy, wide-body airplane pilots
used the 10 mile straight-in approach over Barbers Point.

From figure 3, runways 4L-22R and 4R-22L intersect runway 8L at its eastern end. Pilots
landing on runway 8L were routinely requested to land and hold short of runway 4L.. This
effectively reduced the runway available for landing the wide-body aircraft. In addition, the
location of the main terminal near taxiways Y and I encouraged the pilot to turn off the runway
at those points. This effectively reduces the runway’s usable length to less than that at JEK
runway 13L. Comparison of the wide-body landings at these airports support this conclusion.

3.3 HONOLULU INTERNATIONAL AIRPORT SURVEY RESULTS.

Landing parameters for 332 heavy, wide-body aircraft landings were calculated using the
procedures described in references 8 and 10. Table 1 summarizes the primary landing
parameters for the four heavy, wide-body airplane models covered in this survey. The table
provides the mean and standard deviation and the number of observations for selected landing
parameters.

" Up to this date, all of the data reduction and analysis has been performed by the Naval Air Warfare Center
(NAWC) in Patuxent River, MD. Because of the large amount of data reduction being accomplished at the
NAWC, the FAA is developing its own enhanced data reduction process. These smaller image narrow-body jet
images are planned to be reduced and analyzed by this new FAA facility.



TABLE 1. SURVEY PARAMETER COMPARISON BY AIRCRAFT MODEL—
HEAVY, WIDE-BODY JET TRANSPORTS

Heavy, Wide-Body Jet Transports

Distance

Number Closure [Approach| Sink | Pitch | Roll | Yaw | From
Aircraft of Speed | Speed | Speed | Angle | Angle | Angle | Runway
Model | Events (kts) (kts) | (ft/sec) | (deg) | (deg) | (deg) | Threshold

B-747 125 Average | 139.0 143.1 299 | 586 | -2.33|-1.59 1992
DC-10 148 Average | 148.9 153.5 | 344 | 8.65 | -2.57 | -1.69 1730
L-1011 39 Average | 148.6 154.2 329 11043 | -2.25 | -243 1793
MD-11 9 Average | 154.8 157.4 342 | 7.39 | -2.63 | -2.91 1877

The sample sizes for the B-747 and the DC-10 airplanes are large enough to make some general
observations regarding the data. The power approach airspeed for the three-engine jets appears
to be approximately 10 knots higher than for the four-engine B-747. Similarly, in all cases, the
sink speed of the three-engine jets was higher than that of the B-747 airplane. Three-engine jet
touchdown pitch angles were consistently higher than for those of the B-747. Consistent
negative roll and yaw angles demonstrate that the data obtained for each model was from similar
crosswind conditions.

More detailed statistical summaries for individual model types are provided in tables 2 through
6. The values of landing parameters determined for individual landings, sorted by airplane
model type, are provided in appendix A. Landing parameter survey definitions in appendix B
provide an explanation of the symbols and definition of parameters used.

In tables 2 through 6 the number of landings for the aircraft reported landing weight is less than
for other data because the landing weights were not obtained for all operators. Landing weight
data, was obtained for 277 of the 322 landings or nearly 85 percent. Table 6 summarizes 11
B-767 events, which are the only, nonheavy, wide-body airplane summarized in subject report.

Figures 4, 5, and 6 contain sink speed distributions for the B-747, DC-10, and L-1011 airplanes,
respectively. These distributions are somewhat similar in shape with all three positively skewed.
Skewness is a descriptive statistic, which is defined as the measure of the departure of a
frequency distribution from symmetry. In a positively skewed distribution, the departure from-
symmetry is greatest at values above the mean. Positively skewed distributions will typically
contain the majority of data points, the mean and the distribution will have an elongated tail.
When one is interested in extrapolating sample collected over an entire fleet, the shape of the
distribution is a major consideration which must be accounted for.




TABLE 2. STATISTICAL SUMMARY—MODEL B-747

Aircraft Model B-747

Mean Standard | Measurement |Number of
Parameter Value | Deviation Units Landings

Sinking Speed:  Port Wheel 2.86 2.22 ft/sec 125

Starboard Wheel 3.06 2.05 ft/sec 125
Average of Main Wheels 2.99 1.71 ft/sec 125
Closure Speed (Measured to Camera) 139 10 knots 125
Approach Speed 143.1 9.3 knots 125
'Wind Speed: Parallel Component 4.14 5.47 knots 125

Perpendicular Component -2.27 4.38 knots 125
Pitch Angle at Touchdown 5.86 1.65 degrees 125
Roll Angle at Touchdown -2.33 1.56 degrees 125
Yaw Angle at Touchdown -1.59 4.99 degrees 125
Calculated Glide Slope Angle 1.04 0.15 degrees 125
Distance From Touchdown to Runaway Threshold 1992 569 feet 125
Off-Center Distance at Touchdown -3.71 6.27 feet 125
Aircraft Reported Landing Weight 483734 31498 pounds 105

TABLE 3. STATISTICAL SUMMARY-—MODEL DC-10
Aircraft Model DC-10
Mean Standard | Measurement |Number of
Parameter Value | Deviation Units Landings

Sinking Speed:  Port Wheel 3.24 2.11 ft/sec 148

Starboard Wheel 3.59 2.26 ft/sec 148
Average of Main Wheels 3.44 1.89 ft/sec 148
Closure Speed (Measured to Camera) 148.9 13.1 knots 148
Approach Speed 153.5 12.1 knots 148
Wind Speed: Parallel Component 4.61 591 knots 148

Perpendicular Component -1.55 5.99 knots 148
Pitch Angle at Touchdown 8.65 1.84 degrees 148
Roll Angle at Touchdown -2.57 1.86 degrees 148
Yaw Angle at Touchdown -1.69 4.6 degrees 148
Calculated Glide Slope Angle 1.05 0.12 degrees 148
Distance From Touchdown to Runaway Threshold 1730 571 feet 148
Off-Center Distance at Touchdown -1.5 6.1 feet 148
Aircraft Reported Landing Weight 349059 21892 pounds 132




TABLE 4. STATISTICAL SUMMARY—MODEL L-1011

Aircraft Model L-1011

Mean Standard | Measurement |Number of
Parameter Value | Deviation Units Landings

Sinking Speed:  Port Wheel 3.01 1.77 ft/sec 39

Starboard Wheel 3.49 1.54 ft/sec 39
Average of Main Wheels 3.29 1.37 ft/sec 39
Closure Speed (Measured to Camera) 148.6 10.6 knots 39
Approach Speed 154.2 8.8 knots 39
Wind Speed: Parallel Component 5.61 6.12 knots 39

Perpendicular Component -1.56 7.17 knots 39
Pitch Angle at Touchdown 10.43 1.59 degrees 39
Roll Angle at Touchdown -2.25 2.34 degrees 39
Yaw Angle at Touchdown -2.43 4.99 degrees 39
Calculated Glide Slope Angle 1.03 0.1 degrees 39
Distance From Touchdown to Runaway Threshold 1793 715 feet 39
Off-Center Distance at Touchdown -3.05 6.82 feet 39
Aircraft Reported Landing Weight 335381 10531 pounds 29

TABLE 5. STATISTICAL SUMMARY-—MODEL MD-11
Aircraft Model MD-11
Mean Standard | Measurement {Number of
Parameter Value | Deviation Units Landings

Sinking Speed:  Port Wheel 3.07 2.27 ft/sec 9

Starboard Wheel 3.52 2.47 ft/sec 9
Average of Main Wheels 342 2.12 ft/sec 9
Closure Speed (Measured to Camera) 154.8 11.5 knots 9
Approach Speed 157.4 10.4 knots 9
Wind Speed: Parallel Component 2.59 5.07 knots 9

Perpendicular Component -0.52 4.79 knots 9
Pitch Angle at Touchdown 7.39 1.01 degrees 9
Roll Angle at Touchdown -2.63 2.31 degrees 9
Yaw Angle at Touchdown -2.91 3.82 degrees 9
Calculated Glide Slope Angle 1.08 0.15 degrees 9
Distance From Touchdown to Runaway Threshold 1877 510 feet 9
Off-Center Distance at Touchdown -2.78 5.89 feet 9
Aircraft Reported Landing Weight 376486 18605 pounds 8
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TABLE 6. STATISTICAL SUMMARY—MODEL B-767

Aircraft Model B-767

Mean Standard | Measurement [Number of
Parameter Value | Deviation Units Landings
Sinking Speed:  Port Wheel 3.1 1.36 ft/sec 11
Starboard Wheel 4.24 1.12 ft/sec 11
Average of Main Wheels 3.76 0.93 ft/sec 11
Closure Speed (Measured to Camera) 138.4 11.7 knots 11
Approach Speed 146.7 9.2 knots 11
Wind Speed: Parallel Component 8.23 6.07 knots 11
Perpendicular Component -3.18 4.68 knots 11

Pitch Angle at Touchdown 54 1.8 degrees 11
Roll Angle at Touchdown -3.08 1.94 degrees 11
Yaw Angle at Touchdown -3.91 4.21 degrees 11
Calculated Glide Slope Angle 0.96 0.1 degrees 11
Distance From Touchdown to Runaway Threshold 1699 436 feet 11
Off-Center Distance at Touchdown -6.91 491 feet 11
Aircraft Reported Landing Weight 263435 14388 pounds 3
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FIGURE 6. HONOLULU SURVEY, L-1011s

The same figures also show that the sink speeds for the three-engine jets, DC-10s, and L-1011s
appear to have a slightly higher distribution than that of the four-engine B-747s. This is further
exemplified in figure 7, where the sink speeds for the three-engine wide-bodies are compared, in
probability form, with the four-engine sink speed distribution. Contained also in figure 7 is the
MIL-A-8866 sink speed distribution for military transports.

Figure 7 is plotted on a semilog scale. Assume that a vertical line existed at 6 feet per second.
The MIL-A-8866 distribution indicates, that over a lifetime, a military transport fleet would be
designed for the assumption that three percent of the sink speeds would be in excess of 6 feet per
second. During the Honolulu survey in March-April 1996, nearly 10 percent of the three-engine
heavy, wide-body jet sink speeds exceeded 6 feet per second, while nearly eight percent of
the four-engine heavy, wide-body jets exceeded the same 6 feet per second. This topic is
addressed further in section 3.3, comparison of HNL survey results with those of the JFK survey
in June 1994.

12




Sink Speed Probability Distribution, FAA Honolulu Survey
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FIGURE 7. SINK SPEED PROBABILITY DISTRIBUTION

Figures 8 through 12, however, present some overall observations regarding the combined 322
measured parameters of landing touchdown from subject video landing survey. Data for B-767
aircraft were not included in these figures.

Figure 8 is a plot of sink speed vs touchdown distance from the runway threshold. The figure
indicates that the span of camera coverage was approximately from 700 to 3200 feet from the
threshold. The straight line (statistical trend line) indicates that the sink speed of the touchdowns
occurring near 1000 feet from the threshold are approximately twice those landings where
touchdown is near the 3000 foot mark.

Figure 9 is a plot of sink speed vs approach speed. For the same airplane types, higher approach
velocities should translate into higher sink speed. From figure 9, one can quantify the
contribution of approach velocity to sink speed. Figure 10 shows a plot of approach speed
against pitch angle. Figure 11 is a plot of touchdown roll angle vs crosswind while figure 12 is a
plot of touchdown yaw angle vs crosswinds. Statistical linear trend lines are provided on each
figure. The authors believe that the identification of the existence of the relations presented,
while somewhat intuitive, add considerable creditability to the video landing parameter survey
system and the results presented herein. Readers are left to draw whatever additional
conclusions they want from figures 8 through 12 and all of the other reported data in this survey.
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3.4 COMPARISON OF HONOLULU INTERNATIONAL AIRPORT RESULTS WITH JOHN
F. KENNEDY INTERNATIONAL AIRPORT RESULTS.

As was mentioned in the introduction, the primary purpose for conducting the Honolulu video
landing parameter survey was to obtain a significant quantity of heavy, wide-body landings to
compare to the unexpectedly high sink rates for heavy, wide-body landings observed during the
JFK survey in 1994. Table 7 presents a direct comparison of the results obtained from the HNL
survey and the previous results obtained at JFK.

The number of aircraft models available for direct comparison is somewhat limited since the
survey at DCA did not include any wide-body jets, which were one of the primary areas of
interest for the JFK survey. In addition, no A-320 landings were recorded at JFK. This left five
narrow-body jet models for comparison, although the number of Boeing 737 aircraft recorded at
JFK was extremely small. The sample size for any one model type is not sufficient to conduct
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any meaningful comparison or draw conclusions regarding the sink rate and approach velocity of
each aircraft model. The apparent differences in mean values and standard deviation of table 2
may result from the difference in runway length (9000 ft at JFK, 7000 ft at DCA) and approach
patterns at the two airports.

TABLE 7. COMPARISON OF LANDING SURVEY RESULTS (HNL VS JFK)

HNL Survey 1996 JFK Survey 1994
Aircraft Approach | Average Sink | Approach Average
Model Speed . Speed Speed Sink Speed
Boeing Mean 143.1(kts) 2.99 (fps) 145.6 (kts) 3.24 (fps)
B-747 Standard Deviation 9.3 1.71 9.25 1.99
No. of Landings 125 125 51 51
Boeing Mean 153.5 (kts) 3.44 (fps) 142 (kts) 2.53 (fps)
DC-10 Standard Deviation 12.1 1.89 8.15 1.84
No. of landings 148 148 12 12
Mean 154.2 (kts) 3.29 (fps) 142.4 (kts) 2.72 (fps)
Lﬁfi‘glefd Standard Deviation 8.8 137 11.9 1.84
No. of Landings 39 39 30 30

An unexpected number of high sink speed landings were observed during this survey. While
aircraft sink speeds of 10 ft/sec are frequently observed during carrier operations, it was
anticipated that landings in excess of 4 ft/sec would be rather rare in commercial operations. The
results of this survey have identified 103 landings (almost 20%) which had sink speeds of
4 ft/sec or more and 3 landings were between 8 and 9 ft/sec. In comparison, 90 landings with
sink speeds in excess of 4 ft/sec were measured during the JFK survey (15%). The JFK survey
measured six landings in excess of 8.0 ft/sec, four narrow- and two wide-body jets. The design
limit descent velocity for commercial transports is 10 ft/sec [14], and 14 Code of Federal
Regulations (CFR) 25, Aeronautics and Space, Airworthiness Standards: Transport Category
Airplanes considers this a once per lifetime event. The CFR does not specify a sink speed
frequency distribution. The military specification MIL-A-8866 for similar aircraft assumes a 10-
ft/sec landing occurs once every 2000 landings and a 9-ft/sec landing once every 1000 landings.
Figure 5 provides a histogram of the sink speed distribution recorded during this survey.

Since there is no equivalent commercial specification, the observed sink speed distributions from
the DCA and JFK surveys were compared with the distributions from MIL-A-8866. Commercial
manufacturers estimate the anticipated usage of the aircraft during the airplanes design phase.
Figure 7 is a plot of the probability that an aircraft’s sink speed would reach a particular value.
The military specifications are identified as the MIL-A-8866 curve. Separate curves are included
for narrow-body aircraft from the DCA and JFK surveys.

3.5 COMPARISON WITH PRIOR NASA RESULTS.

The early NASA photographic landing surveys [3-6] were conducted in the late 1950s and early
1960s to determine whether a significant difference existed between the sink rates of narrow-
body jet airplanes and piston engine transports. The studies determined that the jet airplanes did
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have sink speeds greater than the piston transports, however, since these values averaged well
below 2 ft/sec, the continued use of a 10-ft/sec design value was considered to be appropriate.

The data collected at JFK, DCA, and now HNL show sink rates considerably greater than those
from the prior NASA research. These new findings are of concern to both the FAA and industry.
A joint FAA and Industry research team has been established to independently check system
accuracy and determine the exact cause of these differences.

4. CONCLUDING REMARKS.

This research is part of a continuing series of landing parameter surveys intended to assess
current design and regulatory requirements for aircraft landing gear and support structure. The
video landing data acquisition system has been shown to be a practical, cost-effective technique
for collecting large quantities of typical landing parameter data at a major commercial airport.
Results of this survey are as follows.

. The survey results have been consistent, and comparable results have been found for
similar aircraft models.

. The results from the large quantity of wide-body jet aircraft (B-747, DC-10, MD-11, and
L-1011 models) collected in the HNL survey are consistent with the data on these aircraft
previously reported from the JFK survey.

. The sink speed distributions resulting from the FAA surveys are greater than those found
in previous NASA work. The volume and intensity of current flight operations may
contribute to this variation.

. Due to the dispersion of landing parameters, an analysis of weather effects on landing
parameters should be undertaken during subsequent surveys.

. Additional survey data are needed to properly assess current regulatory requirements.

n
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APPENDIX A—FAA VIDEO LANDING PARAMETER SURVEY—
HNL INTERNATIONAL INDIVIDUAL LANDING LISTINGS
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APPENDIX B—LANDING PARAMETER SURVEY DEFINITIONS

Sink Speed Vy —The sink speed of the aircraft landing gear wheel just prior to touchdown.
Sink speed is reported for each landing gear individually, that is for the port, starboard, and nose
wheels just prior to individual runway contact. In addition, the average sink speed of the aircraft
main landing gear is calculated just prior to touchdown of the first main landing gear wheel.
Sink speed is determined from image data. The symbols used to identify aircraft sink speed are
as follows:

Vy, - average sink speed
VVs - sink speed of the starboard main wheel
Vy,, - sink speed of the port main wheel

The values of aircraft sink speed are reported in feet per second (ft/sec).

Wind Speed Vw —Wind Speed is the wind velocity measured by the survey team’s
instrumentation. A head wind is defined as the positive direction for the parallel component of
wind speed. The perpendicular component of wind speed and the crosswind is also reported.
Wind speed is reported in knots.

Closure Speed V—The closure speed is the speed determined by the change in the aircraft’s
range from the camera. It is reported parallel to the runway centerline. Closure speed is reported
with respect to the ground and is reported in knots. Closure speed is calculated from image
measurements.

Approach Speed Vp:ay—The value of approach speed reported is the algebraic sum of closure
speed and component of wind speed parallel to the runway centerline. The value of approach
speed is the aircraft forward velocity with respect to the air mass and is reported in knots.

Aircraft Pitch Angle 6 —The aircraft pitch angle is measured between the aircraft reference

line and a line parallel to the runway. Positive values of pitch angle are reported for an aircraft
with a nose up attitude. Pitch angle is determined from image data and is reported in degrees.

Aircraft Roll Angle ®, _The aircraft roll angle measured between the aircraft reference line
and a line parallel to the runway. Positive values of roll angle are reported for an aircraft whose
starboard wing is down. Roll angle is determined from image data and is reported in degrees.

Aircraft Yaw Angle Yaw, —The yaw angle is the angle between the aircraft centerline and the
aircraft flight path at the point of first main wheel touchdown. Positive yaw angle is defined to
be that orientation where a clockwise rotation of the flight path vector causes the vector to
coincide with the aircraft centerline using a minimum angular rotation. Yaw angle is determined
from image data and is reported in degrees.

Aircraft Off-Centerline Distance Y—The aircraft off-centerline distance is the perpendicular
distance measured between the aircraft centerline and the centerline of the runway. This value is
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calculated from image data just prior to first main wheel touchdown. Positive values of this
quantity indicate that the aircraft landed on the port side of the runway centerline and is reported
in feet.

Distance F rom Runway Threshold to First Main Wheel Touchdown XW—The distance
between the runway threshold and the point of first main wheel touchdown is determined from
image data and is reported in feet.

Aircraft Instantaneous Glideslope Angle By, —This angle is determined just prior to first

main wheel touchdown and is reported in degrees. The value of average sink speed (VVA) and
closure speed (Vc) are used to define the instantaneous glide slope. These values are entered
into the equation

p i
= arctan| —
v” Ve

Note: A consistent set of units (ft/sec) must be used in this equation.

Landing Weight W—The landing weight reported in the survey is an estimate provided by the
aircraft operators. The value of this quantity is reported in pounds

List of Subscripts:
P - Port
S - Starboard
N - Nose wheel
A - Average
r - Roll
p - Pitch
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APPENDIX C—COMPARISON OF FAA VIDEO LANDING SURVEY SYSTEM WITH
THE BOEING MD-90 FLIGHT TEST INS SYSTEM

Research Objective: To provide a verification of the accuracy of the vertical velocity results
from the FAA Video Landing Parameter Surveys

Background: The FAA and US Navy have been jointly conducting a number of video landing
parameter surveys at high capacity commercial airports. To date surveys have been conducted at
John F. Kennedy (JFK) International, Washington National (DCA) (now Reagan), Honolulu
(HNL) International, and London City (LCY) Airports, and plans are in place for additional
surveys. After receiving published data from the JFK survey and preliminary data from DCA,
the Boeing Aerospace Corporation has many concerns regarding the accuracy of the results from
these Joint FAA/Navy Surveys. Specific concerns include:

. FAA/Navy Video Landing Parameter Survey Results were grossly overestimating
vertical velocity.

. Due to measurement errors, FAA/Navy frequency distributions were not representative of
the distribution Boeing assumes.

o Higher vertical velocity measurement errors exist at higher vertical velocities.

Approach: The FAA and Boeing Douglas Products Division (DoD) agreed to conduct a Fly-off
Comparison Survey at Atlantic City International (ACY) Airport during the spring of 1998.
Boeing ferried its MD-90 airplane equipped with a INS Flight Test System and flight test team to
ACY while the FAA/Navy setup a temporary video landing facility on runway 13.

Accomplishment Description: Over 70 complete stop landings were flown during a 1-week
period. These landings were simultaneously recorded on the Boeing flight test system and the
FAA/Navy video landing parameter system. The resultant data were subsequently processed at
Boeing DPD and the FAA/Navy facilities. Figure C-1 shows a good correlation of results from
the respective systems. While there were some individual landing differences, overall survey
vertical velocities were within FAA/Navy and Boeing assumed one half ft/sec tolerance. The
frequency distribution of FAA/Navy Vertical Velocity Data closely matches similar data from
the Boeing DPD (see figure C-2).

Significance: Due to the Boeing concemns regarding the accuracy of the FAA/Navy video
survey results, the FAA

. Performed quasi-static calibration of FAA/Navy video system at NAWC Warminster
. Delayed Publication of DCA Report
. Stopped Data Processing of HNL and LCY Data

. Provided a complete FAA/Navy requested System Description and Representative
Technical Data to Boeing to conduct a comprehensive review of Navy Data Reduction
Algorithms and Procedures




. Agreed to Fly-off Comparison in April 98

Expected Results: Continuation of the publication of reports and the conduct of additional
surveys to collect new data from which updated sink speed and other landing parameter
certification requirements can be developed.

Reference: Barnes, T., DeFiore, T., and Micklos, R., “Video Landing Survey — John F.
Kennedy International Airport,” DOT/FAA/AR-96/125, July 1997

Point of Contact: Mr. Thomas DeFiore, AAR-433, FAA William J. Hughes Technical Center,
Atlantic City International Airport, NJ 08405, Phone: (609) 485-5009, FAX (609) 485-4569,

e-mail: Thomas.DeFiore @tc.faa.gov

MD-90 Cormparison

—_
o

S . 7

94 Fitted Line (,/
~ — — - Perfect Agreement ’/

81— Vva Pairs /
3 7 . ’_4“;{
s 1 ~~
> e
> 54— - e /1
z e
S 4 T
2
T 31 S

s
2 26
~
1 e’
(‘/
0
0 2 8 10

4 6
Boeing Vva (fps)

FIGURE C-1. INDIVIDUAL LANDING CORRELATION (r = 0.93)
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FIGURE C-2. VERTICAL VELOCITY FREQUENCY DISTRIBUTIONS
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